The aim of this paper is to determine the regional convergence process in Visegrad (V4) economies after their accession to the EU at the NUTS3 level. The study uses kernel density estimation for 114 regions in V4 countries. The research period covered the years 2004-2015. The results show that all V4 economies except for Hungary reduced the distance to the EU-28 average over the period considered. The external convergence process was accompanied by an increase in income inequalities at the regional level. In all the countries, the estimated distributions of regional income were bimodal, with the clearly marked second mode related to the capital region. The obtained research results should be an indication of economic decisions in the context of regional (also known as cohesion) policy and economic competitiveness. This paper contributes to the existing literature in three ways. First, the study was conducted at the NUTS3 level, which is currently the lowest possible level of disaggregation. Second, the analysis covered both the period before and after the global financial crisis. Third, the results of the internal convergence study are not biased by the method used, as this method has already been tested in previous research for a group of large European economies.
INTRODUCTION
Increasing inequalities, in particular income inequality and wealth inequality, are currently regarded as one of the major economic and social problems in the world. These inequalities concern both advanced and catching-up economies, a situation which influences the fact that the research on β and σ convergence is increasingly being undertaken at different levels of analysis. Results, however, have been ambiguous. The concept of convergence, based on a hypothesis by Williamson (1965) that the initial rapid economic growth of an entire economy is related to the growing inequalities that will disappear after crossing a certain threshold, has not been confirmed in a robust manner. Thus, the problem of the mutual relationship between external and internal convergence is still considered as controversial. Among the highly developed econo-
2.THEORETICAL BACKGROUND
Economic growth is one of the main areas of interest in both scientific research and economic policy. This means that the process of economic growth is a subject of interest in both positive and normative economics. The nature of economic growth compels comparisons among various countries or regions. In other words, an assessment of economic growth is not possible without a specific benchmark.
In the context of economic growth, and in particular in the context of empirical research, it should be noted that current research on economic growth is closely related to the analysis of the convergence process. The term "convergence," understood as the process of poorer countries catching up with richer ones, appeared in literature on economic growth in the second half of the 1980s thanks to Abramovitz (1986) and Baumol (1986) along with the subsequent scientific debate between De Long (1988) and Baumol & Wolff (1988) . These authors investigated whether there is a tendency according to which countries (regions) initially poorer develop faster than countries (regions) initially richer. Convergence literature was significantly enriched at the beginning of the 1990s, especially by Mankiw, Romer, & Weil (1992) , by Barro & Sala-iMartin (1992) and also by Islam (1995) , who was one of the first to use panel methods to study convergence. The latter paper by Barro & Sala-i-Martin is particularly important because the authors derived their equation of convergence from the neo-classical Solow growth model and introduced the distinction into β-convergence and σ-convergence. The first concept focuses on comparing the economic growth rate of countries or regions which are initially at different level of development, while the second concept focuses on the study of income differences in the group of countries or regions.
Since the publications of the early 1990s, there has been a significant increase in the number of works on economic growth and convergence. In addition, the focus of country research has been shifted to regional studies. The standard models consisted of the analysis of convergence among US states and prefectures in Japan (Barro & Sala-i-Martin, 1992) , and convergence among European regions (Barro & Sala-i-Martin, 1991) . The convergence literature in European regions, a very popular research area, is particularly important for the problem discussed in this paper. After the 2004 enlargement of the European Union a significant increase in the number of studies can be noted.
Based on a review of the literature carried out by Kokocińska & Puziak (2018) , it can be concluded that the great interest in this subject resulted mainly from three events. Firstly, since the 1970s, subsequent waves of enlargement of the European Union have taken place which led to the inclusion of countries with a significantly different levels of development. In particular, the 2004 enlargement was the greatest challenge to the cohesion policy in the history of the European Union. Secondly, the signings of the Single European Act (SEA) in 1986 and the Maastricht Treaty in 1992 constituted Cohesion Policy aimed to promote harmonious overall community development and to pursue actions leading to the strengthening of economic and social cohesion by reducing disparities between the various regions and the backwardness of least-favoured regions (European Economic Community, 1987) . Thirdly, the seminal event of the global financial crisis of 2008-2009 led to the focus of process convergence research on the two periods of before and after the crisis. The prevailing conclusions reached forced researchers to re-verify the convergence hypothesis. Moreover, assessments of European Union cohesion policy on reducing development disparities have produced results which are ambiguous at best.
A great deal of research on convergence has been focused on the V4 countries. These researches, which have intensified since the accession of V4 countries to the EU, have concentrated mainly on the β and σ convergence processes (Kisiala, Bajerski, & Stepinski, 2017; Kuc, 2017; Simionescu, 2014) , as well as on factors affecting the convergence process and its effects. Among the numerous studies, Ivanová & Čepel (2018) focused on innovation and competitiveness. Balcerzak & Pietrzak (2017) concentrated on the digital economy, and Baddeley (2006) focused on the impact of the convergence process on growth and inequality. Horridge & Rokicki (2018) studied the impact of European Union accession on regional income. It can be concluded that the results of all these research studies confirm external convergence in all V4 countries in the period after the EU accession, while the impact of accession on income inequalities varies, a finding which results from the influence of other factors such as globalization, the digitalization of economies as well as from the general level of competitiveness.
More information about the impact of EU accession on V4 economies can be found in the evaluations of cohesion policy funds which emphasize the benefits obtained by V4 countries in significant areas (Bartkiewicz et al., 2017): Cohesion policy brings economic benefits both to its recipients and to its main contributors across EU member states; 25-30% of real V4 GDP convergence with the EU average comes from cohesion policy investments; V4 GDP in 2015 was higher by 5.8% due to cohesion policy intervention; GDP of 40% of V4 regions were above the 75% of EU GDP average in 2014; It should be noted that in all the areas of cohesion policy benefits indicated in Table 1 , there were also benefits for EU-15. The most important of these include: better access to V4 markets for EU-15 companies, better workforce productivity of V4 located in EU-15 owned companies, extending the possibilities and improving educational offer for students and academics from the EU-15 and the elimination of a potential source and groundwater pollution in the border regions.
In this context, the answer to the question of how the global perspective assessment of the benefits resulting from cohesion policy shifted into the distributions of income in individual economies is crucial.
RESEARCH OBJECTIVE AND METHODOLOGY
The subject of this research is the Visegrad Group (V4), in particular the distribution of income at the NUTS3 level since the accession of this group to the EU in 2004 until 2015, the year of the latest statistical data for NUTS3 regions in these countries. The wider context is the analysis of similarities and differences between countries in two groups of selected indicators. The first group of indicators concerns mostly the characteristics of the population, the second concerns the macroeconomic situation. Both groups include selected indicators that are monitored by the EU. Based on the data presented in Table 2 , Poland stands out relatively in terms of territorial and population potential. Within two decades, average life expectancy has increased and this is especially important, as life expectancy is dependent on material conditions, which have obviously improved. From the point of view of the economic activity rate, in 2016 Poland showed the relatively lowest indicator, which was lower than the Czech Republic by more than 6 percentage points. In the period 2004-2015, Poland, the Czech Republic and Slovakia experienced economic growth and as a result, GDP pc increased 1.4 times during this period in Poland and Slovakia, while the largest increase was observed in the Czech Republic (1.6 times). Only Hungary recorded GDP pc decline in the period under consideration. The Czech Republic remained the clear leader, accounting also for other indicators. In 2016, the Czech Republic had the lowest public debt among the V4 countries, as well as the only economy with a budget surplus. The Czech Republic leads in R&D expenditure and has the highest share in renewable energy in comparison to the other V4 countries. Despite the historical similarity, the situation of the Czech Republic in 2016 was clearly better than in other countries. This is confirmed by the dynamics of GDP pc in the period 2004-2015 against the background of EU-28, which is shown in Figure 1 . Except for Hungary, GDP pc growth over time was similar to the changes in the EU-28, with all countries showing a clear impact from the global financial crisis. After 2009, there was a noticeable decrease in differences of GPD pc level among countries, which proves the occurrence of external convergence. One can agree with the statement of Kuc (2017) that "..social development is not enough to achieve social σ convergence. That should not be surprising as an unconventional 'union convergence machine'...". This leads to the conclusion that it is important to link the processes of external and internal convergence. The most expected tendency would be the existence of both processes at the same time. In order to adequately assess the occurrence of internal convergence/divergence at the level of regions, an in-depth analysis should be made which, in addition to simple measures, is capable of identifying the distribution of income. Such an analysis refers back to Williamson's concept, and confirms whether or not V4 countries have paid the price for rapid economic growth in the form of growing inequalities, and if so, what is the scale.
In order to determine the dispersion level of GDP pc among the regions of the country, the standard deviation is usually used, however, it is a measure that detects the absolute differences in the distribution of the given feature. The phenomenon of the increasing level of standard de- viation determined on the basis of the GDP pc levels of the NUTS3 regions for the economies studied may suggest the occurrence of a σ divergence process, but it is worth noting that the increasing level of the standard deviation can be solely the result of the rise in the average level of GDP pc. In order to eliminate the potential error in the interpretation of the σ convergence, the coefficient of variation is used, which has the advantage of detecting the relative variation of the features (in this case, GDP pc). The coefficient of variation that decreases with time means that σ convergence process is observed.
Simple σ convergence measures, such as standard deviation and coefficient of variation provide relevant information, however, such an approach may also be considered as insufficient (Quah, 1993; Wójcik, 2004) . It seems much more interesting the analysis of the dynamics of distribution of the variable and internal mobility within it over time (Wójcik, 2016) . It is possible to perform such an analysis by applying kernel density estimation. Consequently, an attempt was made to estimate the distribution of domestic income based on observations of the average GDP pc in the NUTS3 regions. The importance of the given NUTS3 region in the country was based on the population of the region. Such an approach, at least in part, denies the excessively restrictive hypothesis of being able to identify the income of the citizen with the average income of the region. In order to reproduce the distribution of income, the nonparametric method has been used, which has the advantage of abstracting from the assumption of the arbitrary form of distribution function. The idea of using the kernel density estimator consists of reproducing the distribution in the population through the punctual information of the probability distribution in the closest surroundings of the point. The kernel density estimator for the function K takes the following form
where:
n -the number of points at which the density estimate is to be evaluated; q = ∑ i w i = n, which means that analytic weights were used, x -X i -the width of the density window around each point, h -smoothing parameter of the function f k .
The study used the Epanechnikov function (1969), which is characterized by the minimum mean integrated squared error and takes the following form:
There is the opinion that the choice of the K function is not as critical as the selection of adequate bandwidth (h) (see Heidenreich, Schindler, & Sperlich, 2010; Zambom & Dias, 2013) . The choice of bandwidth determines the degree of smoothing of the density graph. Marking the scale that is too wide affects the excessive smoothing, so that the local ends can not be observed. In turn, the use of the window which is too narrow would make interpretation difficult, since the density function would have many narrow peaks and valleys between them (Wójcik, 2016) . In the analysis, the h parameter was determined arbitrarily according to the prevailing opinion in the literature (see Sala-i-Martin, 2006) where:
-standard deviation weighted by the population of each region.
From the point of view of interpretation, it is important to link the aforementioned measures and consider the relative correspondence between them. In this paper, coefficient of variation is used as the most representative simple measure, and as its complement, which is the estimated income distribution.
RESULTS AND DISCUSSION
Tables 3 to 6 present information on the average level of GDP pc calculated for a given country using the arithmetic average weighted by a population of a given NUTS3 region; standard deviation, also weighted by the population of the given NUTS3 region; coefficient of variation; value of GDP pc for the poorest region (min), value of GDP pc for the richest region (max); MM measure, which is the value of the GDP pc of the poorest region in relation to the richest region and the AM measure, which is the average value of GDP pc in relation to the richest region. All measures were presented for the years 2000, 2004, 2008 and 2015 , which were considered as turning points, carrying the largest interpretive load.
The verification of the σ convergence hypothesis (regional disparities) is carried out on the basis of three measures: the coefficient of variation, the MM measure and the AM measure. In the case of the coefficient of variation σ, the convergence is confirmed when the coefficient of variation decreases over time. In the case of the MM measure, the value of which must be between 0% and 100%, an increase in value means that the gap between the poorest and richest region is diminishing, which may indirectly indicate σ convergence. In the case of the AM measure, which value must be between 0% and 100%, the increase in value means that the gap between the richest region and the average GDP of pc determined on the basis of all regions of the country decreases, which is consistent with the σ convergence. 
In the analysed period, the average GDP pc in the Czech Republic increased, with a certain breakdown after the global financial crisis, which indicates that there was an economic growth. At the same time, the standard deviation increased, but slower than the average, which does not entitle to state that the differences in the GDP pc level were growing over time at the regional level. As a result, the relative income differences measured by the coefficient of variation had a downward trend. However, the results are not statistically significant, which does not allow to clearly state the existence of the σ convergence process. The MM measure of the relative distance between the poorest and richest region had decreased from 37.3% in 2004 to 31.8% in 2015. The AM measure, in turn, informing about the ratio of the average GDP pc in comparison to the richest region remained at a similar level of all the years in the researched period.
Tab. In Hungary, as in the Czech Republic, the clearly negative impact of the crisis on the economic growth was observed. This impact was so strong that the average GDP pc in 2015 was at a lower level than in 2004. The standard deviation generally remained at a similar level during the researched period. The coefficient of variation, after a marked increase initiated with the crisis, returned to its initial level in the final year of the analysis. However, in comparison with the Czech Republic, it is at a definitely higher leveIn relation to the Czech Republic, the results are not statistically significant, which does not allow to confirm the occurrence of the σ convergence process. Although the trends of the MM and AM measures are not unequivocal, these measures reacted strongly to the crisis in a negative manner, but in the final year of the analysis there are some signs of weak positive signals. The initial (2004) average GDP pc level in relation to the richest region was again reached in 2015. The levels of the GDP pc in Hungary are significantly lower to those observed in the Czech Republic, in particular in case of the poorest regions. In Hungary, the GDP pc level in the poorest region is approximately two times lower than in the Czech Republic. All the measures used in case of Poland indicate a coherent picture of the σ divergence process. In the analysed period, average GDP pc was growing systematically without showing a significantly negative impact from the crisis, i.e. with a simultaneous faster growth with standard deviation. In addition, the coefficient of variation showed an upward trend, slightly decreasing in 2015. The relation of these measures indicates the divergence process at the regional level, a finding which is confirmed by the decreasing MM and AM measures. While in 2004 GDP pc in the poorest region in relation to the richest was 21.6%, in 2015 it fell to 18.3%. The measure of the average GDP pc in relation to the GDP pc for the richest region only slightly increased in 2015.
Tab. 6 -Selected measures describing the level of the regional GDP pc level and its diversification in Slovakia in selected years [data in EUR according to PPS ( In Slovakia, the average level of GDP pc in the analysed period increased dynamically before the beginning of the crisis and again after 2012. The rapid growth between 2004 and 2008 may have resulted from macroeconomic stability policy related to Maastricht criteria aimed at the adoption of the euro, which certainly increased competitiveness as a whole. This was accompanied by the faster increase in standard deviation, which negatively affected the coefficient of variation, which was also increasing. These observations indicate the processes of regional divergence. The MM and AM measures do not show the desired upward trends. In 2015, the GDP pc level in the poorest region was 24.5% of the richest region, and the level of average GDP in relation to the richest region systematically decreased in the analysed period and shaped in 2015 at a level slightly above 40% of the GDP of the richest region. Table 7 reports the selected measures of regional disparities which have been formed for more than a decade after the accession of V4 countries to the European Union. These data allow to directly compare the GDP pc level in the poorest and richest regions in absolute numbers, as well as the relation of the average GDP pc level to the richest region. This comparison indicates a diverse situation in the analysed countries and the strength of the changes in cases in which each measure is different. There is a significant gap between the Czech Republic and other Visegrad countries in terms of GDP pc levels, in particular in the poorest regions. In Hungary, the GDP pc level in the poorest region is approximately two times lower than in the Czech Republic. The average level of GDP pc in the richest region is also significantly lower in Hungary in comparison to other countries.
The MM measure indicates that the largest disparities in income were observed in Poland and Hungary. The AM measure indicates the largest disparity in income, observed in Poland and Slovakia. What might be surprising is that the AM measure is relatively the best in Hungary.
In addition to the information presented in Tab. 7., Fig. 2 illustrates the changes in the coefficient of variation over the researched period. The graph for each country has the same scale on the vertical axis, which allows the comparison of both the level and the trend in the coefficient of variation.
Fig. 2 -Income differences in the V4 countries measured by the coefficient of variation in the period 2004-2015. Source: Own calculations based on Eurostat database (access: 03.2018)
From the coefficient of variation perspective, the threshold level may reach 50%. The observations of this indicator show that the only economy with a coefficient of variation below this level was the Czech Republic. The highest average coefficient of variation was observed in Hungary and Slovakia, however, in the case of the Czech Republic and Hungary, the estimated trend is not statistically significant. Therefore, in these cases the convergence hypothesis cannot be statistically rejected. In the case of Poland, one can identify σ divergence at the 1% level of significance, with very high R2, and in Slovakia, σ divergence at 10% significance level (also with high R2). In these two countries (Poland and Slovakia), the dissonance between the external and internal convergence was most evident. This means that the catching-up process at the country level has taken place at the price of the increasing income inequalities at the regional level.
Indeed, the observation of the coefficient of variation is highly insufficient. The estimation of income distributions at the NUTS3 regions level should be the key to assessing the internal convergence process. The results of such estimations are presented in Fig. 3 .
Fig. 3 -Regional income density functions in the V4 countries in selected years (x-axis -income measured in thousands of EUR in PPS at 2015 prices; y-axis -density). Source: Own calculations based on Eurostat database (access: 03.2018)
The interpretation of the situation observed in the graph can be undertaken from various points of view:
firstly, the assessment should be made as to whether the resulting distribution is similar to a unimodal distribution, or if more than one extreme was shown, the distribution can be bimodal or multimodal; secondly, the shape, and more specifically the curiosity of the graph, is evaluated, which provides information about the concentration of observations around the dominant; thirdly, the shift and the scale of the shift over time are assessed. The desirable shift is the move to the right, which means that there is economic growth (the level of GDP pc is marked on the vertical axis);
fourthly, based on the observation of the direction and the scale of the shift, one can also infer whether the right side of the graph, associated with the richer regions with the left side associated with the poorer regions, moved at a similar pace regardless of the shape of the distribution function.
Based on observations made regarding large European economies such as Germany, France, Italy, Spain and the United Kingdom, three models of regional distribution appeared (Kokocińska & Puziak, 2018 Observations of the income distribution for the V4 countries according to the abovementioned criteria lead to the following conclusions:
firstly, none of the estimated income distribution is similar to normal. In all countries, bimodal distributions occurred, although evidently these bimodal distributions are different in magnitude and shift to the right. The highest values of subsequent modes, measured in thousands of euros, were observed in Poland, while slightly lower values were found for the Czech Republic and Slovakia;
secondly, the second mode in Poland is the least numerous, which indicates a high polarization around several large cities. In other countries, the modes located to the right are more numerous and are not so far to the right in relation to the most numerous mode;
thirdly, the subsequent shifts to the right did not take place in all economies due to the global financial crisis. The most regular shifts of the main mode to the right took place in the Czech Republic, with the most irregular shifts observed in Hungary and Slovakia. Moreover, in Hungary and Slovakia, GDP pc even declined in some years. The scale of the shifts between the years was different between selected years. However, in the majority of cases the largest shift to the right occurred immediately after joining the European Union. The smallest shift to the right or even a shift to the left was observed between the years 2008 and 2012, but after 2012, shifts to the right were observed; fourthly, the rate at which the right-hand modes were moving to the right was higher as compared to the modes located on the left. This polarization process has been gaining strength since 2004. The trend was less visible during the crisis, and then it grew stronger at the end of the researched period. Such an observation concerned all countries except for Hungary, where the mode located on the right side shifted to the left (comparing the years 2012 and 2015).
Comparing the results obtained for the V4 countries with the regional income distributions observed in the large European economies, it can be concluded that the V4 countries tend to follow the British-French model. This applies the most to Poland and the least to Hungary.
CONCLUSION
Regardless of whether a group of advanced economies or economies undergoing a systemic transformation is being taken into account, differences within their regional income distribution models can be expected. Bimodal or multimodal distributions are most dominant for all European economies, but the differences between modes in terms of income values vary between countries. Among the large European economies, the UK is the leader, and among V4 countries, Poland is the leader.
   
The most similar aspects in terms of unimodal distribution were observed in Germany and in Spain. Among V4 countries, the economy of the Czech Republic stands out in terms of the highest level of competitiveness, which leads to the highest regularity in shifting to the right of the main mode and with declining growth rate of the second mode.
In many cases, in the catching-up countries the higher rate of economic growth occurs at the cost of the increasing regional inequalities. The creation of the second mode occurs around a large urban agglomeration (generally a capital city), where human capital is concentrated, which generates innovations and increase in the level of competitiveness.
For developing economies such as in the V4 countries, a clear remedy to decrease regional inequalities is the EU cohesion policy, which must in turn be supported by internal economic policy. It should also be borne in mind that the smaller countries suffered more from the global financial crisis, a finding which has been observed in terms of regional income distribution, including Hungary in particular.
